Background {#Sec1}
==========

Even though the incidence of gastric cancer (GC) has decreased over the past 3 decades, it was still the third leading cancer-related cause of death worldwide in 2012 \[[@CR1]\]. Surgical resection with adequate lymphadenectomy provides the best chance of a cure \[[@CR2], [@CR3]\]. However, most patients present with locally advanced or metastatic disease at the time of diagnosis, with a 5-year survival rate of around 10% \[[@CR4], [@CR5]\]. Patients with inoperable or metastatic disease usually die within 12 months with or without salvage chemotherapy \[[@CR6], [@CR7]\]. However, patients with tumor-associated symptoms including dysphagia, gastric outlet obstruction, bleeding or gastric perforation may need a surgical intervention. Our previous studies showed that although GC tends to exhibit a more aggressive tumor behavior in young patients than in old patients, young patients with metastatic disease undergoing palliative gastrectomy (PG) have better outcomes than old patients \[[@CR8]\]. A systemic review and meta-analysis of retrospective non-randomized studies indicated that PG may be beneficial compared with non-resection treatment for patients with metastatic GC (mGC); however, questions regarding which patients are suitable for PG remain unanswered \[[@CR9]\]. Therefore, the aims of the present study were to detail the clinicopathological parameters that objectively affect clinicians' decision-making, elucidate postoperative morbidity and mortality, and determine the prognostic factors for selecting appropriate candidates for PG in a tertiary medical center.

Methods {#Sec2}
=======

Patients and surgical procedures {#Sec3}
--------------------------------

Between 2000 and 2010, 333 pathologically proven mGC patients undergoing PG or a non-resection procedure (NR) in Taiwan were enrolled. In general, gastrectomy was not performed in the patients who did not have tumor-associated symptoms or in those with peritoneal metastasis for which macroscopic curative resection was not expected. The patients with tumor-related symptoms or solitary distant visceral organ metastasis such as the ovary or liver for which complete resection of the metastatic tumor was feasible underwent PG (D1 or D2 lymphadenectomy) or gastrectomy (D2 lymphadenectomy) plus metastasectomy. The NRs included bypass surgery, laparoscopic/laparotomy biopsy, feeding jejunostomy, hemostasis (suture ligation of a bleeder), and gastrorrhaphy (repair of a perforation). No patient received preoperative chemotherapy or stent placement for obstruction symptoms. The tumors were staged according to the seventh edition of the American Joint Committee on Cancer Tumor Node Metastasis classification \[[@CR10]\]. Suitable patients received salvage chemotherapy with fluoropyrimidine-based or platinum-based regimens.

Clinical data collection {#Sec4}
------------------------

Patient demographics, clinicopathological features, Charlson comorbidity index score and surgical outcomes were compared between the PG and NR groups. The median follow-up times in the PG and NR groups were 7.2 months and 4.7 months, respectively. The overall survival of the patients in the PG group was evaluated and compared with that of the NR patients operated on during the same time period. The patients who died during the same hospitalization after surgery were included in the survival analysis. Survival duration was calculated from the time of surgery to death or the last follow-up date (August 31, 2012).

Statistical analysis {#Sec5}
--------------------

Non-binomially distributed data are presented as median (range). Clinical records were compared using the Student's *t*-test or Pearson's chi-square test, as appropriate. Patient GC-specific survival was estimated using the Kaplan-Meier method, and differences between subgroups were assessed using the log-rank test. Potentially important factors obtained using univariate analysis (*P* \<0.1) were included in multivariate analysis, and both analyses were performed using a Cox proportional hazards model. A *P* value of less than 0.05 was considered to be statistically significant. All statistical analyses were performed using the Statistical Package for the Social Sciences version 20.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results {#Sec6}
=======

As shown in Table [1](#Tab1){ref-type="table"}, no significant differences were found between the PG and NR groups in terms of age, gender, platelet count, hemoglobin, levels of albumin, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, total bilirubin and creatinine, Charlson comorbidity index score, tumor-associated symptoms, and percentage of postoperative salvage chemotherapy. The PG group had a higher and lower proportion of hematogenous spread alone and peritoneal metastasis than the NR group, respectively (*P* \<0.029). There were no differences in surgical complications and in-hospital mortality or mortality within 30 days after surgery between the two groups. The PG group had a higher percentage of patients who survived for more than 12 months compared with the NR group. (29.5% vs. 15.7%; *P* =0.005).Table 1Clinical data and outcomes of metastatic gastric cancer patients in terms of resectabilityParametersResection\
(*n* = 193)Non-resection\
(*n* = 140)*P* valueAge (years), median (range)65 (26--89)63 (22--91)0.782Gender0.393 Male126 (65.3)85 (60.7) Female67 (34.7)55 (39.3)Platelet (10^3^/uL), median (range)258.5 (58--680)281 (73--622)0.609Hemoglobin (g/dL), median (range)10.9 (3.8--20.6)11.0 (4.0--16.5)0.881Albumin (g/dL), median (range)3.7 (1.7--4.9)3.7 (1.9--4.9)0.135AST (U/L), median (range)18 (5--223)19 (4--340)0.491ALT (U/L), median (range)14 (1--156)14 (2--106)0.975ALK-P (U/L), median (range)67 (20--349)64 (30--459)0.998Total bilirubin, (mg/dL) (range)0.6 (0.2--1.8)0.6 (0.2--2.0)0.252Creatinine (mg/dL), median (range)0.9 (0.3--11.2)1.0 (0.4--3.4)0.500Charlson comorbidity index score0.529 289 (46.1)74 (52.9) 371 (36.8)47 (33.6) 421 (10.9)10 (7.1)  ≥ 512 (6.2)9 (6.4)Tumor-associated symptoms110 (57.0)82 (58.6)0.774Metastatic pattern0.029 Hematogenous spread alone56 (29.0)26 (18.6) Peritoneum137 (71.0)114 (81.4)Complications36 (18.7)28 (20.0)0.758 In-hospital mortality20 (10.4)13 (9.3)0.745 Mortality within 1 month14 (7.3)6 (4.3)0.260Chemotherapy124 (64.2)83 (59.3)0.357Survival time (months)0.005  ≤ 682 (42.5)81 (57.9) 6 \~ 1254 (28.0)37 (26.4)  \> 1257 (29.5)22 (15.7)Figures are numbers with percentages in parentheses, unless otherwise statedHematogenous spread alone indicates metastases to the distant organ or distant nodesTumor-associated symptoms include dysphagia, obstruction, bleeding or perforation*ALT* alanine aminotransferase, *AST* aspartate aminotransferase, *ALK-P* alkaline phosphatase

The patients in the PG group had a significantly longer median overall survival time compared with those in the NR group (7.7 months vs. 4.9 months; *P* \<0.0001; Fig. [1](#Fig1){ref-type="fig"}). The overall survival rates in the PG group at 1, 2, and 3 years were 30.2, 8.6, and 4.0%, respectively. The patients treated with PG and postoperative salvage chemotherapy had a markedly longer median overall survival time than those receiving PG or salvage chemotherapy alone, or the NR group without chemotherapy (*P* \<0.0001; Fig. [2](#Fig2){ref-type="fig"}). The 1-, 2-, and 3-year survival rates were 37.0, 11.8, and 6.5%, respectively, for patients undergoing PG and chemotherapy, and 2.9, 1.8 and 0% for patients without resection and chemotherapy. Thirteen and 6 patients underwent ovariectomy and hepatectomy in addition to gastrectomy (D2 lymphadenectomy), respectively. No mortality was noted in these patients. Among 17 patients with ovarian metastasis, thirteen patients undergoing PG along with resection of ovary had significantly longer median overall survival compared with 4 patients not undergoing resection (15.9 months vs. 5.9 months; *P* =0.027). The 1-, 3-, and 5-year survival rates were 61.5, 15.4, and 7.7%, respectively, in the patients who underwent ovariectomy, and the 1-, 2-, and 3-year survival rates were 66.7, 33.3, and 16.7%, respectively, in the patients who underwent hepatectomy.Fig. 1Overall survival (OS) rates of patients with metastatic gastric cancer in terms of resectability Fig. 2Overall survival (OS) rates of patients with metastatic gastric cancer in terms of resection and chemotherapy

Table [2](#Tab2){ref-type="table"} shows the univariate analysis of various clinicopathological factors associated with surgical outcomes in the PG group. Age, gender, albumin level, tumor-associated symptoms, nodal involvement, ratio of metastatic to examined lymph nodes, lymphatic and perineural invasion as well as the administration of postoperative chemotherapy significantly affected the prognosis. No significant differences in overall survival time were observed for levels of alkaline phosphatase and total bilirubin, the type of gastrectomy, tumor location, differentiation, Lauren's histological type, depth of tumor invasion, number of lymph nodes retrieved, vascular invasion and metastatic pattern. In multivariate analysis, the independent prognostic predictors were age ≤58 years, a preoperative albumin level \>3 g/dL, a ratio of metastatic to examined lymph nodes ≤0.58 and administration of salvage chemotherapy (Table [3](#Tab3){ref-type="table"}).Table 2Univariate analysis of prognostic factors of metastatic gastric cancer patients undergoing resectionFactorsMedian survival (months)95% CI of median1-year (%)3-year (%)*P* valueAge (years)0.003  ≤ 58 (*n* = 71)10.859.03--12.6742.35.1  \> 58 (*n* = 122)6.155.28--7.0223.23.4Gender0.009 Male (*n* = 126)7.235.42--9.0523.81.3 Female (*n* = 67)10.986.19--15.7741.88.3Albumin (g/dL)0.001  ≤ 3 (*n* = 37)4.443.65--5.2317.50.0  \> 3 (*n* = 129)8.526.54--10.4936.03.8ALK-P (U/L)0.185  ≤ 60 (*n* = 57)10.828.63--13.0142.14.4  \> 60 (*n* = 92)7.105.33--8.8726.13.3Total bilirubin (mg/dL)0.359  ≤ 1.3 (*n* = 153)8.256.90--9.6032.24.4  \> 1.3 (*n* = 6)3.580.23--2.9416.70.0Gastrectomy0.525 total (*n* = 84)8.525.39--11.6433.43.5 subtotal (*n* = 89)6.615.05--8.1727.44.3Location0.161 upper (*n* = 44)10.557.39--13.7241.97.7 middle (*n* = 29)8.064.92--11.1936.30.0 lower (*n* = 97)6.615.54--7.6824.15.9 diffuse (*n* = 22)6.380.60--12.1627.30.0Tumor-associated symptoms0.008 no (*n* = 83)12.6310.04--15.2340.44.3 yes (*n* = 110)8.887.21--10.5622.74.1Differentiation0.549 yes (*n* = 44)8.525.99--11.0434.12.3 no (*n* = 149)7.105.35--8.8529.04.6Lauren's classification0.445 intestinal (*n* = 57)8.916.44--11.3831.64.0 diffuse (*n* = 101)6.944.99--8.8827.23.8 mixed (*n* = 31)7.233.55--10.9237.26.8T status0.143 1/2/3 (*n* = 19)10.858.08--13.6236.815.8 4 (*n* = 174)7.175.63--8.70129.43.4N status0.042 0 (*n* = 12)11.675.14--18.2050.016.7 1 (*n* = 12)13.717.24--20.1866.70.0 2 (*n* = 32)6.543.78--9.3016.13.2 3 (*n* = 137)3.945.24--8.6328.43.4LN ratio^a^0.003  ≤ 0.58 (*n* = 97)10.398.12--12.6635.45.9  \> 0.58 (*n* = 96)5.564.24--6.8828.92.2No. of lymph node retrieved0.881  \< =15 (*n* = 47)5.032.47--7.5927.76.4  \> 15 (*n* = 146)8.326.94--9.7030.93.1Resection margins0.675 Positive (*n* = 52)6.613.40--9.8232.60.0 Negative (*n* = 141)8.066.53--9.5829.34.8Vascular invasion0.611 Positive (*n* = 70)8.526.42--10.0928.24.1 Negative (*n* = 118)7.175.28--9.0527.83.1Lymphatic invasion0.066 Positive (*n* = 171)7.175.55--8.7728.24.1 Negative (*n* = 19)11.677.56--15.7947.45.3Perineural invasion0.047 Positive (*n* = 147)7.175.53--8.8027.03.2 Negative (*n* = 42)9.274.78--13.7741.87.4Metastatic pattern0.891 Hematogenous spread alone (*n* = 56)5.594.67--6.5128.66.0 Peritoneum (*n* = 137)8.487.00--9.9630.83.2Chemotherapy\<0.0001 No (*n* = 69)4.542.72--6.3617.70.0 Yes (*n* = 124)9.737.77--11.6937.06.5Hematogenous spread alone indicates metastases to the distant organ or distant nodesTumor-associated symptoms include dysphagia, obstruction, bleeding or perforation*ALK-P* alkaline phosphatase, *CI* confidence interval^a^ratio of metastatic to examined lymph nodes Table 3Multivariate analysis of prognostic factors in metastatic gastric cancer patients undergoing resectionFactorsHazard ratio (95% CI)*P* valueAge (years)  \> 58/≤581.47 (1.01--2.13)0.045Gender Male/female1.14 (0.80--1.63)0.465Albumin (g/dL)  ≤ 3 /\>31.93 (1.24--3.00)0.003Tumor-associated symptoms Yes/no1.04 (0.73--1.47)0.837N status N1/N00.83 (0.33--2.10)0.695 N2/N01.30 (0.56--3.01)0.542 N3/N01.16 (0.49--2.72)0.740LN ratio^a^  \> 0.58/≤0.581.47 (1.01--2.15)0.047Lymphatic invasion Yes/no1.20 (0.62--2.32)0.588Perineural invasion Yes/no1.08 (0.70--1.65)0.728Chemotherapy No/yes1.68 (1.19--2.38)0.004*CI* confidence intervalTumor-associated symptoms include dysphagia, obstruction, bleeding or perforation^a^ratio of metastatic to examined lymph nodes

Discussion {#Sec7}
==========

In the present study, there were no differences in surgical complications and mortality rates between the PG and NR groups. The median overall survival time was longer in the mGC patients undergoing PG compared with NR. The patients receiving PG and postoperative salvage chemotherapy had better outcomes than those with other management. In the PG group, age ≤58 years, preoperative albumin level \>3 g/dL, ratio of metastatic to examined lymph nodes ≤0.58 and administration of chemotherapy were independent prognostic factors.

It has been reported that young patients undergoing curative resection have a longer survival duration than old patients in multivariate analysis \[[@CR11]\]. Our previous research also indicated that for patients with mGC, the younger patients (age ≤40 years) had significantly better outcomes than the older (age between 56 and 75 years) patients after PG \[[@CR8]\]. Dittmr et al. reported that comparing mGC patients receiving PG with those receiving NR, an age \<50 years was a predictor for improved survival in univariate analysis but not in multivariate analysis \[[@CR12]\]. Lim et al. found that an age \<60 years was associated with prolonged survival in mGC patients undergoing resection in univariate analysis \[[@CR13]\]. Since the median age of patients in the PG group surviving more than 12 months was 58 years in the present study (data not shown), we selected the cutoff value 58 years as one of prognostic covariates. Our results demonstrate that an age ≤58 years was as a prognostic factor for mGC patients undergoing PG in multivariate analysis. We speculated that young patients who had better visceral organ functional reserve and less concomitant comorbidities than the old after PG than did in the old might therefore in part explain favorable outcomes in the young.

Koo et al. developed a prognostic model using 2805 patients with metastatic or recurrent GC undergoing chemotherapy, and found that Eastern Cooperative Oncology Group (ECOG) performance status ≥2, no gastrectomy, presence of peritoneal, bone, or lung metastases, high levels of serum alkaline phosphatase (\>120 U/L) and total bilirubin (\>1.2 mg/dL), and a low serum albumin level (\<3.3 g/dL) were poor prognostic factors \[[@CR14]\]. Lee et al. also reported an estimated median survival of \<3 months in mGC patients receiving chemotherapy with more than four unfavorable factors (no gastrectomy, albumin \<3.6 g/dL, alkaline phosphatase \>85 U/L, ECOG performance status ≥2, presence of bone metastasis, ascites) \[[@CR15]\]. The present study showed that apart from an age ≤58 years, a serum albumin level \>3 g/dL, ratio of metastatic to examined lymph nodes ≤0.58, and administration of postoperative chemotherapy were independent predictors for survival in the mGC patients undergoing PG suggesting that patients with above-mentioned favorable factors may benefit greatly from PG.

It has been reported that a subgroup of GC patients with ovarian metastasis (Krukenberg tumors) may benefit from resection of the ovary when the gross tumors are thoroughly removed \[[@CR16], [@CR17]\]. Peng et al. reported that ovarian metastasectomy significantly prolonged the median overall survival in select GC patients without ascites (21 months vs. 13 months, *P*  =  0.008) or patients undergoing gastrectomy (19 months vs. 9 months, *P*  =  0.048) \[[@CR16]\]. Ayhan et al. also found that survival was significantly superior in GC patients with ovarian metastasis who underwent cytoreduction.^17^ In the present study, thirteen patients with Krukenberg tumors alone underwent gastrectomy with D2 lymphadenectomy and ovariectomy, and the median survival time was 15.9 months (range 4.4 months to 64.9 months). Our results supported that PG along with resection of ovarian metastasis can improve patient's overall survival compared with no ovariectomy (median, 15.9 vs. 5.9 months).

The management of GC patients with liver metastasis remains controversial. Although evidence supporting the role of hepatectomy in the treatment of these patients is weak, a survival advantage has been reported in a select group \[[@CR18]\]. However, only 10--20% of GC patients with liver metastasis are candidates for hepatic resection \[[@CR19]\]. The beneficial effects of hepatic resection or radiofrequency ablation for GC patients with synchronous liver metastasis have also been reported \[[@CR20], [@CR21]\], with 1-, 2-, and 3-year overall survival rates after resection of 70, 11, and 5%, respectively \[[@CR20]\]. Furthermore, Cheon et al. also suggested that hepatic resection should be considered as an option for GC patients with liver metastasis \[[@CR22]\]. The number of liver metastases has been shown to be an independent prognostic factor for patients after hepatectomy \[[@CR21]\], and those with a solitary liver metastasis have been reported to have a better survival rate than those with multiple liver metastases \[[@CR18], [@CR21]\]. Recently, Tiberio et al. reported 1-, 3-, and 5-year survival rates of 50.4, 14.0, and 9.3%, respectively, for 53 GC patients with synchronous liver metastases who underwent gastrectomy and R0 hepatectomy, and 6.8, 2.3 and 0% for 44 patients after palliative surgery without resection \[[@CR23]\]. Similar to these results, six patients in the current study with a solitary synchronous liver metastasis who underwent gastrectomy with D2 lymphadenectomy and R0 hepatectomy had a median survival of 20.8 months (range 6.6 months to 38.6 months) and 1-, 2-, and 3-year overall survival rates of 66.7, 33.3, and 16.7%, respectively.

For patients with metastatic disease, salvage chemotherapy is the mainstay of treatment, with reported median survival times ranging from 5.7 to 11.2 months, regardless of the chemotherapy regimen \[[@CR24]--[@CR26]\]. However, some patients with tumor-related complications, such as gastrointestinal obstruction, bleeding, and gastric perforation may necessitate surgery \[[@CR27]\]. Our findings indicated that PG followed by postoperative salvage chemotherapy significantly prolonged the overall survival of the mGC patients compared to those without gastrectomy and chemotherapy. The median overall survival time of the patients with PG and chemotherapy was 9.7 months compared to 4.5 months for those who received PG alone. Of note, the patients in the NR group did not receive chemotherapy; the median overall survival time was only 2.9 months. Therefore, we suggest that in highly select patients with metastatic disease, PG and chemotherapy should be considered not only to relieve tumor-associated symptoms and improve quality of life but also to enhance survival benefit. This is also supported by other studies \[[@CR9], [@CR23], [@CR28]--[@CR30]\]. The possible reason why PG improves patient outcomes might be associated with reducing tumor burden and rendering the patients more responsive to salvage chemotherapy. In addition, it has been shown that cytoreductive surgery diminishes a hypercatabolic state and confers immunological benefits through decreasing the release of tumor-derived immunosuppressive cytokines \[[@CR31]\]. However, further research is needed to prove this hypothesis because selection bias/confounder exists in the current study.

The limitations of the present study are its retrospective design and that patients were enrolled in a single institution. The PG group had a significantly higher proportion of hematogenous spread alone and lower proportion of peritoneal metastasis than the NR group (*P* =0.029). Of note, compared with the NR group, the PG group did not increase surgical mortality and had longer survival. However, Tokunaga et al. reported that patients with peritoneal metastasis did not benefit from PG \[[@CR32], [@CR33]\]. To confirm whether PG can provide survival benefits in patients with mGC, two large randomized controlled clinical studies are performed \[[@CR34], [@CR35]\]. Fujitani K et al. indicated that gastrectomy (restricted to D1 lymphadenectomy without any resection of metastatic lesions, R2 resection) followed by salvage chemotherapy did not provide survival benefit compared with chemotherapy alone in mGC with a single non-curable factor (confined to the liver, peritoneum, or para-aortic lymph nodes) \[[@CR34]\]. Different from their studies, we performed gastrectomy with D2 lymphadenectomy and metastasectomy to achieve grossly R0 resection in some patients with synchronous solitary metastasis. In addition, select patients with tumor-associated symptoms including dysphagia, gastric outlet obstruction, bleeding or perforation were treated by PG to relieve symptoms. Our results also indicated that mGC patients receiving PG and salvage chemotherapy had better survival than salvage chemotherapy alone. Therefore, based on our current results, we suggest that PG should be considered in patients with favorable factors when only solitary metastasis was detected.

Conclusions {#Sec8}
===========

Among the mGC patients undergoing palliative resection, age ≤58 years, a better pre-operative nutritional status, less nodal involvement and administration of chemotherapy were independent prognostic factors in multivariate analysis. The patients treated with a combination of PG and salvage chemotherapy had a longer survival time than those who received other management strategies. We recommend that mGC patients with these favorable prognostic factors and favorable general performance status should undergo PG with R0 metastasectomy if achievable followed by salvage chemotherapy.
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